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Description 

This invention relates to an apparatus for vari- 
able-speed reproduction of audio and video data by 
scanning inclined recording tracks by a dynamic 
tracking head. It is applied for example to a digital vid- 
eo tape recorder of so-called D1 or D2 format in which 
dual digital audio data are recorded on the recording 
tracks. Such formats are disclosed in GB-A- 2 092 
814 and "Fernseh- und Kinotechnik, Vol. 38, no. 7, 
July 1984, pages 281-286." The latter mentions the 
provision of a crossfading function of the audio repro- 
ducing channels during editing. 

With a so-called D1 or D2 format digital video 
tape recorder, digitized video and audio data are se- 
quentially recorded on recording tracks T of the mag- 
netic tape 1 0, inclined with respect to the longitudinal 
direction of the magnetic tape 10, as shown in Figure 
2 of the accompanying drawing, by a rotary magnetic 
head apparatus RH shown for example in Figure 1. 

The rotary magnetic head device RH shown in 
Figure 1 is provided with two pairs of recording heads 
A 1v B 1t A 2 , B 2 , arranged at an angular interval of 180° 
to each other, and two pairs of reproducing heads C 1( 
D lf C2, D 2 arranged at an angular interval of 180° to 
each other and orthogonally to the recording heads 
A 1f B,, A 2 , B 2 . The recording head pairs A 1t B 1 and A 2 , 
B 2 and the reproducing head pairs C 1f D, and C 2 , D 2 
are arranged with a height difference corresponding 
to one track width. In the case of the NTSC system, 
for example, the rotary magnetic head device RH is 
driven at a rotational speed of 1 .5 revolutions per field 
to record one-field video data on three sets of tracks 
T 1 to T 3 on the magnetic tape 10, as shown in Figure 
1. 

Each inclined recording track on the magnetic 
tape 10 has at its central portion a video region In 

which video data V 11t V 12 , V 13 , V 21( V^, for 

fields F 1( F 2 are recorded, and has at its leading 

and trailing ends audio regions in which time-base- 
compressed audio data, A 11f A 12 , A 13 , A 21 , A^, A 23t 
are recorded dually. 

For variable-speed reproduction of a tape on 
which audio data such as the D1 or D2 format audio 
data are recorded in the track direction on a block- by- 
block basis, there has been employed a processing 
system in which variable speed reproduction is per- 
formed with track jumps using a dynamic tracking 
head; audio signal discontinuities produced by the 
track jumps are compensated by interpolation or by 
muting, or by means of a processing system in which 
the rotational speed of the drum and the tape running 
speed are proportionally changed and all the audio 
and video tracks are reproduced, with the audio sig- 
nals being outputted directly and the video signals be- 
ing subjected to thinning-out or supplementing oper- 
ations. 

However, the following problems arise when per- 



forming variable speed reproduction with the D1 or D2 
format digital video tape recorder. 

With the former type processing system employ- 
ing the dynamic tracking head, noise may be pro- 

5 duced at the junction points on interpolation. With the 
muting operation, voice dropout may be audibly per- 
ceived. On the other hand, with the latter system, 
which changes the drum speed and tape speed pro- 
portionally, the reproducing frequency is changed 

10 due to the change in the rotational speed of the drum, 
so that the hardware required is increased by the nec- 
essity of time base processing of the video signals, 
and the voice pitch is changed. Moreover, to produce 
a digital voice output, it is necessary to perform the 

15 operation of changing the sampling frequency. 

It is an object of the present invention to improve 
the audio data quality and to simplify the processing 
when variable speed reproduction is performed on a 
D1 or D2 format digital video tape recorder. 

20 It is another object of the present invention to pro- 
vide an apparatus in which reproduced audio signals 
of high sound quality may be produced by simple 
hardware without the pitch being changed during va- 
riable speed reproduction. 

25 According to the present invention, there is pro- 
vided an apparatus for reproducing a digital audio and 
video data recorded on successive oblique parallel 
tracks on a video tape on which digital audio track 
portions are arranged at both ends of digital video 

30 track portions, each field of the video signal recorded 
corresponding to an integral number of tracks, the au- 
dio digital data recorded on the digital audio track por- 
tion at one end of a digital track portion being also re- 
corded in the audio track portion at the other end por- 

35 tion of the video track portion of the next track so that 
a double recording of the audio data is accomplished, 
comprising: 

transducing means for reproducing the digital 
audio and video data, 

40 data processing means connected to said 

transducing means for processing the digital audio 
and video data and for extracting the digital audio 
data with an error flag data, and for providing a first 
and second audio data corresponding to the doubly 

45 recorded audio data, the apparatus being character- 
ized in that it further comprises 

means for controlling a position of said repro- 
ducing means in a direction transverse to the audio 
and video portions of the tracks so that said transduc- 

50 ing means can skip the tracks corresponding to one 
field of audio and video data, 

means for selecting one of said first and sec- 
ond audio data in response to the error flag signalling 
an error or control signal generated in conjunction 

55 with the skip of said transducing means, 

means for controlling a gain acting on said first 
and second audio data in response to said occurrence 
of the control signal so that the amplitude level of said 
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first and second audio data is gradually decreased 
and increased respectively, and 

means for combining output signals of said 
gain controlling means so that a cross-fade function 
of the audio data is performed during a period of oc- 
currence of the control signal. 

The invention will be further described by way of 
non-limitative example with reference to the accom- 
panying drawings, in which:- 

Figure 1 is a diagrammatic view showing a typical 
construction of a rotary magnetic head device em- 
ployed in a digital video tape recorder. 

Figure 2 is a diagrammatic view showing the 
track format of a digital video tape recorder employing 
the rotary magnetic head device. 

Figure 3 is a diagrammatic view showing a track 
format on the magnetic tape and the typical scanning 
state by the dynamic tracking head when the present 
invention is applied to a digital video tape recorder to 
effect double speed reproduction. 

Figure 4 is a diagrammatic view showing the au- 
dio data reproduced after cross-fading. 

Figure 5 is a block diagram showing the construc- 
tion of a digital video tape recorder to which the pres- 
ent invention is applied. 

Figures 6A, B and C are signal waveform dia- 
grams for illustrating the operation of the digital video 
tape recorder shown in Figure 5. 

In an embodiment which will be explained here- 
inafter, the present invention is applied to an audio 
signal reproducing system of a digital video tape re- 
corder having the above mentioned track format 
which is shown in Figure 2. 

In the present illustrative embodiment of the in- 
vention, a series of audio data or voice data A 11f A 12 . 
A 13 , A 2 i, A22. A23, ... are recorded in the audio region 
ahead of the central video region in which video data 

V«. V 12 , V 13 , V 21) V22, V 23f ... for fields F 1t F 2 while 

the same series of the audio data An , A 1 2 , A 13 , A 21 , A&, 
A23, ... are recorded in the audio region trailing the 
video region with a shift corresponding to one set of 
the recording tracks. 

That is, the audio data A 1t is recorded in the audio 
region ahead of the video region of a first one Tn of 
a set of inclined recording tracks T^ in which the vid- 
eo data Vn of one field are recorded, while the next 
audio data A 12 is recorded in the audio region at the 
trailing end of the video region. The audio data A 12 is 
also recorded in the audio region at each end of the 
video region of a second one of the set of inclined re- 
cording tracks T, 2 in which the first field video data 
are recorded, while the next audio data A 13 is record- 
ed in the audio region after the trailing end of this vid- 
eo region. The audio data A 13 is also recorded in the 
audio region ahead of the leading end of the video re- 
gion of a third one of the set of the inclined recording 
tracks, T 13 , in which the first field video data V 13 are 
recorded, while the audio data A 2 i, is recorded in the 



audio region at the trailing end of this video region. In 
the similar manner, the above series of audio data An , 
Ai 2 , A 13 , A 21 , A^, ... are dually recorded in the dif- 
ferent recording track in the audio regions at the lead- 

5 ing and trailing ends of the video regions. 

Variable speed reproduction with track jumps on 
a field-by-field basis is performed for reproducing the 
video data V^, V 12 , V 13 , V 21 , V^, ... of the fields 
F1, F 2 , ... and the audio data A 11f A 12 , Ai 3 , A 21 , A^ 

10 by scanning the inclined recording tracks of the mag- 
netic tape 20, using a dynamic tracking head which 
may be displaced across the track width due to the 
provision of an electronically controlled bimorph, for 
example. The audio data before and after the track 

15 jumps are connected together by cross-fading, for ex- 
ample, to produce a series of reproducing audio data. 

In Figure 3, the arrows and broken line show an 
example of the scanning state of the double-speed re- 
producing operation in which the inclined recording 

20 tracks T 21 , T22, T23 of the second field F 2 , shown by 
hatching in Figure 3, are skipped, i.e. jumped over at 
the time point when the scanning of the inclined re- 
cording tracks T 11( T 12 , T 13 of the first field F t is ter- 
minated so as to proceed to the scanning of the in- 

25 dined recording track T 31 of the third field F 3 from the 
scanning of the inclined recording track T 13 of the first 
field F v 

Then, as shown in Figure 4, the reproducing au- 
dio data A 2 i, A3i before and after to track jump are 

30 connected with the first one-third field period after the 
track jump as a cross-fading period T x , to form a ser- 
ies of reproduced audio data. 

With the reproduced audio data A 21 , A 31 , connect- 
ed to each other by cross-fading, the reproduced au- 

35 dio data A 21 are consecutive to the previously repro- 
duced audio data A 13 , while the reproduced audio 
data A31 are consecutive to the subsequently repro- 
duced audio data A32, so that the cross-fading may be 
performed satisfactorily. Moreover, discontinuities of 

40 the reproduced audio data which occur during the 
cross-fade period T x and hence are not obtrusive 
when heard. 

By connecting the reproduced audio data before 
and after track jumps by cross-fading, reproduced au- 

45 dio data of high sound quality may be obtained by 
simple hardware without the pitch being changed dur- 
ing variable speed reproduction. The sampling fre- 
quency of the reproduced audio data need not be 
changed during variable speed reproduction so that 

so the audio data may be outputted as the digital output. 
De-phasing of audio data caused by the five field se- 
quence may be compensated at the time of cross- 
fading. The phase at the junction of the reproduced 
audio data may be adaptively changed by the con- 

55 tents of the reproduced audio data to produce repro- 
duced audio signals of higher sound quality. The con- 
struction and operation of an implementation of this 
point of the invention will be explained by referring to 
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Figures 5 and 6. 

Referring to Figure 5, a magnetic tape 20 has a 
signal recording format as shown in Figure 3. The 
magnetic tape is traced by a reproducing head 30 so 
that the video signals V^, V 12 , V 13 , ... and audio sig- 
nals A t1 , A 12 , A 13( ... are reproduced. The reproducing 
head 30 is controlled in its height by a dynamic track- 
ing (DT) control circuit 39. The control of the above 
mentioned head jumps is performed by the dynamic 
tracking control circuit 39 via a wire 40 to the repro- 
ducing head 30. The video signal and the audio signal 
produced by the reproducing head 30 are sent to a 
first data processing circuit 31. This data processing 
circuit is formed by an equalizer, a phase locked loop, 
mirror square decoder and an inner code correction 
circuit. The mirror square coding and decoding are de- 
scribed in detail in United States reissue Patent 
31,311. Although the data processing circuit 31 proc- 
esses both video and audio signals, the present in- 
vention is concerned only with the processing of au- 
dio signals and hence the description is given herein 
only of the audio signals. The audio signals decoded 
by the processing circuit 31 and corrected as to the 
inner code are supplied along with data and error 
flags to a pair of select terminals 32b, 32c of a switch- 
ing circuit 32 over wires 31a, 31b. Track outlet side 
audio signals shown in Figure 3 are outputted to the 
line 31a, while track inlet side audio signals shown in 
Figure 3 are outputted to the line 31b. As mentioned 
hereinabove, the trailing audio region of one track 
contains signals identical to those in the leading audio 
region of the next track, if there is no error, so that the 
aforementioned connection presents no problems. 
The switching circuit 32 has its stationary contact 32a 
controlled by the output of an AND gate 33. Thus the 
stationary contact 32a is connected to the select ter- 
minals 32b and 32c, for the output of the AND gate 33 
being low and high, respectively. As mentioned here- 
inabove, audio data and an error flag is supplied on 
the line 31a, the error flag being high when there is 
an error in the audio data. This error flag is detected 
by an error flag detection circuit 42 and a "high" signal 
and a "low* signal are supplied to one input terminal 
of the AND gate 33. The other input terminal of the 
AND gate 33 is supplied from the dynamic tracking 
control circuit 39 with a signal which goes low only 
during a track jump and goes high otherwise, as 
shown at a in Figure 6. thus, at the time of a track 
jump, the output of the AND gate 33 goes low, so that 
the signal on the line 31a, that is, the signal from the 
track trailing end region, is selected by the switching 
circuit 32. Except during track jump, if an error is pro- 
duced in the signal on the line 31a, that is, when the 
output of the error flag detection circuit 42 is at the 
high level, the output of the AND gate 33 also goes 
high, so that the signal on the line 31b, that is, the 
audio signal at the track leading region, is selected by 
the switching circuit 32. 
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The audio signal thus selected is transmitted to 
a second data processing circuit 34, which includes 
above all an outer code correction circuit and a de- 
shuffle circuit Although two second data processing 

5 circuits 34a, 34b are shown in Figure 5 as being pres- 
ent separately, the data processing operation is per- 
formed in effect as a time-divisional operation, so that 
only one processing circuit need actually be em- 
ployed. These second data processing circuits 34a, 

10 34b are supplied with an output signal of the switching 
circuit 32 and a signal over the line 31b, respectively. 
The audio signals processed by these signal process- 
ing circuits 34a, 34b are supplied to gain control am- 
plifiers 35, 36, respectively, the gain of each of the 

15 gain control amplifiers are changed during the time 
the track jump control signal (A in Figure 6) is at a low 
level. Thus, as shown at B in Figure 6, the gain of the 
gain control amplifier 35 is changed gradually from 
"1" to °0" during the track jump period T x . with the 

20 gain equal to 1, the input signal is outputted directly, 
whereas, with the gain equal to O, no input signal is 
outputted. Except during jumping, the gain control 
amplifier 35 has a gain equal to "1", as shown at B in 
Figure 6. Conversely, the gain of the gain control am- 

25 plif ier 36 is adapted to be changed gradually from "O" 
to T during track jump period T x , as shown at C in 
Figure 6. The gain control amplifiers 35, 36 are con- 
trolled by the track jump control signal, shown at A in 
Figure 6, supplied from the dynamic tracking circuit 

30 39 over line 41. Thus the level of the output signal 
from the gain control amplifier 35 is gradually re- 
duced during the track jump period T x as shown at A21 
in Figure 4, whereas the level of the output signal gain 
control amplifier 36 is increased as shown at A 31 in 

35 Figure 4. The output signals from these gain control 
amplifiers 35, 36 are summed together in a mixing cir- 
cuit 37, so that the signal A 2i decaying gradually dur- 
ing the track jump period T x and the signal in- 
creasing gradually during the same period are ulti- 
mo mately mixed with each other, that is, cross-faded, as 
shown at B in Figure 4, before being supplied to a dig- 
ital-to-analog converter 38. It is noted that the ar- 
rangement of the present invention shown in Figure 
5 is shown in a hardware block diagram only for as- 

45 sisting the understanding of the present invention, 
and that, in practice, it may be composed of a micro- 
computer and peripheral circuits, such as additional 
ROMs or RAMs. It is therefore apparent that a con- 
struction of Figure 5, uses a micro-computer, is also 

50 comprised within the scope of the present invention. 



Claims 

55 1 . Apparatus for reproducing a digital audio and vid- 
eo data recorded on successive oblique parallel 
tracks on a video tape (1 0) on which digital audio 
track portions are arranged at both ends of digital 
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video track portions, each field of the video signal 
recorded corresponding to an integral number of 
tracks, the audio digital data recorded on the dig- 
ital audio track portion atone end of a digital track 
portion being also recorded in the audio track 5 
portion at the other end portion of the video track 
portion of the next track so that a double record- 
ing of the audio data is accomplished, compris- 
ing: 

transducing means (30) for reproducing 10 
the digital audio and video data, 

data processing means (31,42) connected 
to said transducing means for processing the dig- 
ital audio and video data and for extracting the 
digital audio data with an error flag data, and for 15 
providing a first and second audio data corre- 
sponding to the doubly recorded audio data, the 
apparatus being characterized in that it further 
comprises 

means (39) for controlling a position of 20 
said reproducing means in a direction transverse 
to the audio and video portions of the tracks so 
that said transducing means can skip the tracks 
corresponding to one field of audio and video 
data, 25 

means for selecting (32,33) one of said 
first and second audio data in response to the er- 
ror flag signalling an error or control signal gen- 
erated in conjunction with the skip of said trans- 
ducing means, so 

means for controlling a gain (35,36) acting 
on said first and second audio data in response 
to said occurrence of the control signal so that the 
amplitude level of said first and second audio 
data is gradually decreased and increased re- 35 
spectively, and 

means for combining (37) output signals of 
said gain controlling means so that a cross-fade 
function of the said first and second audio data 
is performed during a period of occurrence of the 40 
control signal. 

The apparatus according to claim 1 , wherein said 
data processing means, selecting means and 
gain control means are performed by using a dig- 45 
ital signal processing circuit. 

The apparatus according to claim 2, wherein said 
digital signal processing circuit includes a micro- 
computer. 50 

The apparatus according to claim 3, in which an 
error flag detection circuit is further included for 
generating the error flag. 



Patentanspruche 

1. Vorrichtung zur Wiedergabe von digitaien Audio- 

und Vldeodaten, die in aufeinanderfolgenden 
schragliegenden parallel en Spuren auf einem Vi- 
deoband (10) aufgezeichnet sind, auf dem Dign 
tal-Audio-Spurenabschnitte an beiden Enden 
von Digital-Video-Spurenabschnitten angeord- 
net sind, wobei jedes Teilbild des aufgezeichne- 
ten Videos ignals einer ganzen Zahl von Spuren 
entspricht, und die in dem Digital-Audio-Spuren- 
abschnitt an einem Ende eines Digital-Spurab- 
schnittes aufgezeichneten digitaien Audiodaten 
auch in dem Audio-Spurabschnitt an dem ande- 
ren Endabschnitt des Video-Spurabschnittes der 
nachsten Spur aufgezeichnet sind, so dafc die Au- 
diodaten doppelt aufgezeichnet sind, mit: 
einer Wand ler- Vorrichtung (30) zum Wiederge- 
ben der digitaien Audio- und Vldeodaten, 
einer mit der Wandler- Vorrichtung verbundenen 
Datenverarbeitungs-Einrichtung (31 ,42) zum 
Verarbeiten der digitaien Audio- und Videodaten 
und zum Ausblenden der mit einem Fehlerkenn- 
zeichen versehenen digitaien Audiodaten, und 
zum Erzeugen erster und zweiter Audiodaten 
entsprechend den doppelt gespeicherten Audio- 
daten, 

gekennzeichnet durch 

eine Vorrichtung (33) zum Steuern der Position 
der Wiedergabe- Vorrichtung in einer Richtung 
quer zu den Audio- und Videoabschnitten der 
Spuren, so daB die Wandler- Vorrichtung die ei- 
nem Teilbild von Audio- und Videodaten entspre- 
chenden Spuren uberspringen kann, 
eine Vorrichtung (32,33) zum Auswahlen der er- 
sten oder der zweiten Audiodaten in Reaktion auf 
ein Fehlerkennzeichen, das ein Fehler- oder 
Steuersignal kennzeichnet, das in Zusammen- 
hang mit dem Oberspringen der Wand ler- Vorrich- 
tung erzeugt worden ist, 
eine Vorrichtung (35,36) zum Steuern einer auf 
die ersten und zweiten Audiodaten in Reaktion 
auf das Auftreten des Steuersignales wirkenden 
Verstarkung, so dad die Amplitudenhdhe der er- 
sten und zweiten Audiodaten allmahlich gesenkt 
bzw. erhoht wird, und 

eine Vorrichtung (37) zum Kombinieren von Aus- 
gangssjgnalen der Veretirkungs-Steuervcfrichtung, 
so dad wahrend eines Zeitabschnittes, in dem 
das Steuersignal auftritt, eine Uberblendung der 
ersten und zweiten Audiodaten ausgefuhrt wird. 

2. Vorrichtung gemifi Anspruch 1, wobei die 
Datenverarbeitungs-Einrichtung, die Auswahl- 
Vorrichtung und die Verstarkungs-Steuerungs- 
vorrichtung unter Verwendung einer Dig ital si- 
gnalverarbeitungs-Schaltung betrieben werden. 
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Vorrichtung gemaS Anspruch 2, wobei die 
Digitalsignalverarbeitungs-Schaltung einen Mi- 
krocomputer umfa&t. 

Vorrichtung gemaB Anspruch 3, die weiterhin eine 
Fehlerkennzeichen-Erkennungsschaltung zum 
Erzeugen des Fehlerkennzeichens umfa&t 



Rovendicatlons 10 

1. Dispositif pour re prod u ire des donnees numeri- 
ques audio et video enregistrees sur des pistes 
paralleles obliques successives sur une bande 
magnetique (10) sur laquelle des portions de pis- 15 
te numerique audio sont disposees aux deux ex- 
tremites de portions de piste numerique video, 
chaque trame du signal video enregistre corres- 
pondant a un nombre entier de pistes, la donnee 
numerique audio enregistree sur la portion de 20 
piste numerique audio a une extremite d'une por- 
tion de piste numerique video etant egalement 
enregistree dans la portion de piste audio a i'au- 
tre portion d'extremite de la portion de piste video 
de la piste suivante de maniere a effectuer un 25 
double enregistrement de la donnee audio, 
comprenant : 

un moyen transducteur (30) pour reprodui- 
re les donnees numeriques audio et video ; 

un moyen de traitement de donnees (31, 30 
42) connecte audit moyen transducteur pour trai- 
tor les donnees numeriques audio et video et 
pour extraire la donnee numerique audio avec 
une donnee de marque d'erreur, pour fournir des 
premiere et seconde donnees audio correspon- 35 
dant a la donnee audio enregistree en double, le 
dispositif etant caracterise en ce quit comprend 
en outre : 

un moyen de commando (33) pour 
commander la position dudit moyen de reproduc- 40 
tion dans une direction transversal e aux portions 
audio et video des pistes, de sorte que ledit 
moyen transducteur peut sauter ies pistes 
correspondent a une trame de donnees audio et 
video ; 45 

un moyen de selection (32, 33) pourselec- 
tionner Tune desdites premiere et seconde don- 
nees audio en reponse a une erreur signalee par 
la marque d'erreur ou a un signal de commande 
produit en conjo notion avec le saut dudit moyen so 
transducteur ; 

un moyen de commande de gain (35, 36), 
pour commander un gain, agissant sur lesdites 
premiere et seconde donnees audio en reponse 
a ladite apparition du signal de commande de 55 
sorte que le niveau d'amplitude desdites premie- 
re et seconde donnees audio est, respective- 
ment, graduellement diminue et augments ; et, 



un moyen de combinaison (37) pour 
combiner les signaux de sortie dudit moyen de 
commande de gain, de sorte qu'une fonction de 
fondu enchaine de la donnee audio est effectuee 
pendant une periode d'apparition du signal de 
commande. 

Dispositif selon la revendication 1, dans lequel le- 
dit moyen de traitement de donnees, ledit moyen 
de selection et ledit moyen de commande de gain 
sont realises a I'aide d'un circuit de traitement de 
signaux numeriques. 

Dispositif selon la revendication 2, dans lequel le- 
dit circuit de traitement de signaux numeriques 
comprend un microcalculateur. 

Dispositif selon la revendication 3, dans lequel un 
circuit de detection de marque d'erreur est, en ou- 
tre, prevu pour prod u ire la marque d'erreur. 
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